sunitinib vs. BSC + placebo, and RADIANT-3 [5] compared BSC + everolimus vs. placebo). At the first analysis, the A6181111 trial also suggested an overall survival benefit, although this failed to reach statistical significance, most likely due to the small sample size and the confounding effect of crossover from the BSC + placebo arm to sunitinib.
Given the simultaneous emergence of these two therapies (both published in 2011), there are no head-tohead studies comparing sunitinib and everolimus; therefore, evidence of their relative effectiveness needs to be derived through indirect comparisons of outcomes. Typically, this would be handled using a network meta-analysis (NMA) [6] [7] [8] since the trials share common reference treatments. A NMA may be unreliable, however, when the design and/or population of the studies in the network differ in a significant way. A specific challenge in the context of the sunitinib and everolimus trials is crossover from placebo to respective active drug. That is, patients who progress with BSC + placebo could cross over and receive sunitinib or everolimus in an open-label, extended follow-up phase of the studies. Although this has no impact on the assessment of progression-free survival (PFS) (since progression precedes crossover), comparison of overall survival (OS) is distorted, as outcomes in the BSC + placebo arms reflect a mixture of the effects of BSC and sunitinib or everolimus after progression. If these treatments have a differential effect on OS, the BSC + placebo arms of the two trials cannot be considered comparable. Furthermore, crossover may have occurred differently in the two trials in terms of the extent and timing of crossover, as well as the characteristics of patients who cross over. Thus, a NMA, which would rely on the BSC + placebo arms as an anchor for the comparison, may be unreliable as the arms may not be comparable across the trials due to the effects of crossover.
An indirect comparison is possible without an anchor arm by utilizing techniques such as a matchingadjusted indirect comparison (MAIC). [9] A MAIC was previously performed for sunitinib and everolimus based on the A6181111 [4] trial (sunitinib vs. BSC + placebo) and the RADIANT-3 trial [5] for everolimus. [10] The authors concluded that both PFS and OS were similar for the two treatments. More mature OS data have become available for both sunitinib [11] and everolimus [12] trials since the publication of the aforementioned MAIC; the data provide additional follow-up for OS and allow for the incorporation of additional baseline variables in the matching. An updated MAIC of sunitinib and everolimus was, therefore, carried out to assess relative OS using the data that included longer follow-up.
Methods

Overview of the A6181111 and RADIANT-3 Trials
The A6181111 and RADIANT-3 studies are both Phase III randomized trials in patients with advanced, progressive, well-differentiated panNETs. Both studies had a similar design (placebo control, PFS as the primary endpoint and BSC in the control arms). Although the sample sizes in the studies were comparable F o r R e v i e w O n l y based on the statistical design of each study, the studies differed in terms of final recruited population size, with A6181111 recruiting 171 patients (of 340 planned; with early closure on the advice of the Independent Safety Monitoring Committee) and RADIANT-3 recruited 410 patients, as planned. The inclusion and exclusion criteria were generally similar between the trials; both recruited patients with welldifferentiated (grade 1 and 2) panNETs with radiological progression documented within the prior 12 months. A notable difference between the studies exists in the performance status (PS) of patients at enrollment; A6181111 included patients with a PS score of 0 or 1, while RADIANT-3 allowed patients with a score of 2. Only 3% of patients had a score of 2, however, which is likely to have had only a slight impact, if any, on the results from the trial. The characteristics of the two populations are summarized in Table 1 .
The A6181111 study terminated early on the recommendation of the safety monitoring committee due to "the greater number of deaths and serious adverse events in the placebo group and the difference in progression-free survival favor of sunitinib" [4] at an interim analysis of the data. As a result, follow-up for PFS was shorter in A6181111, although OS follow-up continued beyond the end of both trials. The studies also differed with respect to the schedule for radiological assessment based on interpretation of CT scans in accordance with RECIST evaluation, which was every 8 weeks in A6181111 and every 12 weeks in RADIANT-3. This implies that progression may have been detected earlier in A6181111.
Both studies demonstrated PFS gain when either sunitinib or everolimus was initiated vs. BSC + placebo, with hazard ratios (HR) indicating an approximate 60% reduction in risk (0.42 (0.26-0.66) for sunitinib and 0.35 (0.27-0.45) for everolimus). Crossover from the BSC + placebo arm to the experimental arm occurred in both studies. In A6181111, 69% of patients in the BSC + placebo group crossed over at progression or early termination of the trial. In RADIANT-3, 85% of the reference group had crossed over at progression at the latest data cut. [12] The HRs for OS from the latest data cuts were 0.73 (0.50-1.06) for sunitinib and 0.94 (0.73-1.20) for everolimus.
Statistical Methods
Overview of Analytic Approaches
The primary approach for indirect comparison was based on a MAIC; a traditional comparison using Bucher's approach3 was also applied as a reference. This was derived as the ratio of the HRs for PFS and OS in each of the trials, with confidence intervals reflecting uncertainty from both results. That is, the standard error (SE) of the log of the ratio of HRs was calculated as the sum of the SEs of each of the study-specific log HRs.
The MAIC analyses used patient-level data from A6181111 (index trial) and aggregate data reported in publications for the comparator trial (RADIANT-3). [5, 12] The A6181111 data are analyzed to derive weights for each of the patients in the trial-this yields weighted average values of baseline characteristics 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  R  e  v  i  e  w  O  n  l  y (which include proportions for categorical variables) that match those of the RADIANT-3 population. The weights were derived from a propensity score-type equation (logistic regression) that predicts the odds that a patient is from the A6181111 or the RADIANT-3 trial. Since only aggregate data are available for the comparator trial, the coefficients of the equation must be estimated using the method of moments. [9] Success of matching was verified by comparing weighted mean characteristics of the index groups to match their target values. The effective sample size (ESS 1 ) of the index population after weighting was calculated to reflect the number of patients contributing to calculations where the weights are used. The ESS is determined by the extent of differences between the populations being matched-the larger the discrepancy between the populations, the lower the ESS. The ESS was also used to adjust the standard errors and confidence intervals (CI) of measures of relative effectiveness so that these reflect the actual extent of data contributing to the analyses. This is done by normalizing the weights to add up to the ESS for the group; as these weights are applied in calculations of weighted outcomes, standard errors are also adjusted accordingly to reflect the ESS rather than the original sample size.
The balancing weights were applied to derive adjusted measures of outcomes with the index treatments in the comparators population. Two possible approaches are possible: one is an anchor-based analysis, which can be used when the treatments used in the reference arms are the same in the two trials. In this approach, the effect within the index trial (i.e., sunitinib vs. BSC + placebo) is recalculated after applying the balancing weights to the two arms. This adjusts the HR to the characteristics of the comparator's population while preserving randomization within the index trial. A Bucher-type analysis was then applied to the adjusted HR and the reported HR for the comparator to obtain an estimate of relative effectiveness.
An anchor-based analysis is possible for PFS in this MAIC, but not for OS since the BSC + placebo arms are contaminated by crossover. The second approach, which involves an arm-to-arm comparison after matching, is necessary to compare OS. In this case, weights were applied to sunitinib patients to derive an adjusted OS distribution (or Kaplan-Meier curve), which can be compared with the OS distribution of everolimus to derive an HR. The specific approach used in these analyses, including the arms being matched and how balancing weights were applied to derive adjusted outcomes, are described in the sections below.
The key features and assumptions of each approach and their appropriateness in this analysis are summarized in Table 1 . The Bucher approach relies on the key assumption that the common BSC arms of the studies are comparable, and that there are no effect modifiers (i.e., subgroups within which the effect of sunitinib or everolimus varies). The anchored MAIC relaxes this requirement by matching on baseline 1 The ESS is given by (∑w i ) 2 ⁄(∑w i 2 ), where w i are the individual weights derived for patients in the index trial. invoke an added assumption that the derived relative effects are applicable to the sunitinib population, as this is the basis of the comparison.
Variables Included in Matching
All commonly available variables from A6181111 and RADIANT-3 were included in the MAIC to ensure as close a match of the populations as possible. More specifically, the following variables were included: median age; the proportion >64 years; gender; race (white vs. other); Eastern Cooperative Oncology Group (ECOG) performance status; proportion of time since diagnosis of more than three years; number of disease sites (1, 2, 3+); presence of metastases in the liver, lymph nodes, and lung; prior use of somatostatin analogs; concurrent use of somatostatin analogs; and prior treatment with systemic chemotherapy or prior radiotherapy treatment. Although arm-specific characteristics were available for almost all variables, the distribution of race, time since diagnosis, and concurrent use of somatostatin analogues were only known for the combined population of the RADIANT-3 trial. These, therefore had to be used in matching; given randomization, it is assumed that these values are very close to the arm-specific values and using them for matching should not impact results.
Comparison of PFS
The MAIC of PFS was carried out as an anchor-based analyses; an arm-to-arm comparison was also performed to assess robustness of results.
For anchor-based analyses, weights were derived to match the sunitinib and BSC + placebo arms in A6181111 to the characteristics of the everolimus arm. Matching to a common target ensures the weighted groups are comparable. Sensitivity analyses were performed to match the two index trial arms to the BSC + placebo group in RADIANT-3 to rule out any influence from residual differences in the everolimus and reference groups (which is unlikely given randomization).
A Cox proportional hazards model was fitted to the A6181111 data using the normalized weights to match each of the two arms to the characteristics of the everolimus group. This produces the expected HR for 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 As crossover does not impact on PFS, a standard Bucher calculation was applied on the published HRs for each of the treatments in their respective trials. This represents an unweighted analysis and served as a reference for MAIC-based calculations. An arm-to-arm comparison of PFS between sunitinib vs. everolimus was also carried out; this used balancing weights to match the two arms in the comparison and followed the approach described in the next section for OS.
Comparison of OS
For OS comparisons, updated survival data for everolimus were taken from a poster presented at the American Society of Clinical Oncology (ASCO) conference in 2015 [12] , and the most recent data cut of the A6181111 trial was used for OS with sunitinib. Since the BSC + placebo arms are contaminated by crossover, an arm-to-arm comparison was carried out between sunitinib and everolimus to compare OS.
These analyses used weights derived from matching the sunitinib arm to the characteristics of the everolimus arm.
The Kaplan-Meier curve for OS for everolimus was digitized using ENGAUGE software, and converted to virtual patient-level (VPL) data using the approach of Hoyle and Henley. [13] This produces a sample of the same size as the everolimus group, with individuals assigned a time of death or censoring with an appropriate indicator based on the approximated counts of events and patients at risk. [13] These VPL data for everolimus are assigned a weight of 1 and combined with the patients from the sunitinib group who are assigned the normalized weights derived from the matching step.
A Cox proportional hazards model is then fitted to the index and VPL data, including an indicator for treatment group for sunitinib vs. everolimus to capture the relative effect of sunitinib and everolimus. This is expressed as an HR with a 95% CI.
Residual Confounding and Potential Study Effects
MAICs rely on the assumption that all potential confounders are included in the matching and that other differences between studies (i.e., study effects) do not further distort comparisons. Anchor-based analyses, as described above for PFS, inherently account for this by using a relative effect estimate as the basis for comparison. This is not the case in arm-to-arm comparisons (as for OS), which are susceptible to potential biases due to missing matching variables or other differences. When the trials have common reference treatment arms, this assumption can be assessed by matching the reference arms and assessing any differences in outcomes. Similar results in the common arms after matching would support the validity of the results. The BSC + placebo arms in the trials in this MAIC can be used to assess potential biases (due to residual confounding and study effects) in arm-to-arm comparisons. Given contamination by crossover, such an assessment is not possible based on OS in the BSC + placebo arms. It was, therefore, executed based on PFS, with the caveat that observed differences may not necessarily extrapolate to a bias in OS. For instance, imaging in A6181111 was carried out every 8 weeks, while RADIANT-3 followed a 12-week interval. This affects the timing of detection of progression, and as a result, affects the comparison of PFS curves, but it would not affect OS since that is assessed based on actual dates of death.
Balancing weights were derived for the BSC + placebo arm in A6181111, matching it directly to the BSC + placebo arm for RADIANT-3. An HR quantifying differences in PFS was derived following the approach described for OS analyses. This involved converting the RADIANT-3 PFS curve to VPL, combining these data with the weighted patient-level data from A6181111, and applying a Cox model to obtain the adjusted HR. Table 2 summarizes the baseline characteristics of the two arms of the sunitinib trial before and after matching to the everolimus arm in RADIANT-3. The most notable differences between the populations are in terms of race (the proportion of white patients is lower in A6181111), ECOG = 0 in the BSC + placebo arm (higher in A6181111), number of metastatic sites (lower in A6181111), concurrent use of somatostatin analog use (lower in A6181111), prior use of systemic chemotherapy (higher in A6181111), and prior use of radiotherapy (lower in A6181111). After matching, the populations have identical values for these characteristics.
Results
Matching of Populations
The table also highlights some notable differences between the arms in the A6181111 trial itself, despite randomization. In particular, the sunitinib and BSC + placebo arms differed at baseline in terms of ECOG PS, time since diagnosis, and metastasis sites. This implies that comparisons within the trial are susceptible to confounding by these differences.
The ESS after matching was 43 in the sunitinib arm and 31 in the BSC + placebo arm. The smaller ESS in the BSC + placebo arm is due to the larger differences in the proportion of patents with ECOG PS = 0, disease duration, and metastasis of lymph nodes. Matching was also done between the two BSC + placebo arms to assess residual confounding, which led to an ESS of 37.
Comparison of PFS
Both sunitinib and everolimus demonstrated improvement in PFS, with trials showing HRs in the order of 0.40 and reaching statistical significance (Table 3) . A Bucher analysis applied to published results yields a 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 An arm-to-arm comparison of PFS was also carried out in sensitivity analyses- Figure 1 illustrates the observed PFS curves for sunitinib and everolimus as well as the sunitinib curve after weighting to the everolimus curve. Comparison of the sunitinib-matched and everolimus curves yielded an HR of 0.86 (0.48-1.55), which is consistent with anchor-based analyses.
Comparison of OS
The OS data used in these analyses included 55 deaths in the sunitinib group, representing 64% of patients in the arm, and 126 deaths (60.9%) for everolimus. Figure 2 
Residual Confounding and Study Effects (Based on PFS)
Residual confounding (i.e., unbalanced differences between populations) or bias due to other differences between the studies (i.e., study effects) was assessed by comparing the BSC + placebo arms of the A6181111 and RADIANT-3 trials (Figure 3 ). Although some early separation can be seen between the curves, this may be due to differences in the assessment cycles in the two trials. The curves otherwise overlap closely, indicating similar PFS with BSC + placebo in the two trials after matching. This is confirmed by the HR derived from comparing these curves (0.98 [0.62-1.54]). 
Discussion
The A6181111 and RADIANT-3 trials have demonstrated similar clinical benefit with a reduction of 58% and 65% in the risk of progression or death with sunitinib and everolimus, respectively, compared with BSC.
This MAIC of sunitinib and everolimus in patients with well-differentiated panNETs showed comparable PFS and OS, with relative effect estimates (i.e., HRs) that were statistically significant (since the confidence intervals included the null HR=1). This may be due in part to the relatively small sample size of the sunitinib trial and the further reduction in ESS after matching, which can limit the power to detect significance. A comparison of PFS in the BSC + placebo curves of the two trials after matching suggested very similar outcomes, with a HR of 0.98. This supports the reliability of these analyses, as it suggests that there is no evidence of residual confounding or study effects that may distort the results for comparisons of sunitinib and everolimus.
Our results agree with those from the prior MAIC by Signorovitch and colleagues, [10] which found sunitinib and everolimus to be comparable in terms of PFS and OS. The methods in the two analyses followed the same general approaches. A difference of note is in the variables included in matching; this MAIC included all the same variables used previously and supplemented them with race, prior radiotherapy treatment, and concurrent use of somatostatin analogues, and replaced presence of distant metastases with specific sites of metastases (liver, pancreas, lymph node, lung). The aim was to ensure a close match between the populations being compared. The HR for PFS for everolimus vs. Signorovitch and colleagues [10] yielded an HR of 1.23 (0.76-2.04). This may be due to changes in survival in the more recent cuts of OS used in the current analyses, or possibly the fact that more variables are included in the matching. The latter was assessed by repeating analyses using the same matching variables as those used in the prior MAIC; the HR derived from these analyses was 0.80 (0.54-1.19), which is nearly identical to the one obtained with all variables. Therefore, the results are likely reflective of changes in the updated OS data.
The direction of HR derived in these analyses appears to be mostly driven by a separation of the OS curves after 30 months. This may reflect a delayed benefit for sunitinib, but may also be spurious due to the relatively small sample size in the sunitinib group (particularly after matching). Results may also be impacted by differences in long-term treatment choices between the groups. This is not factored into the current analyses and may influence the shape of the curves over the longer term. Therefore, relying on the earlier OS patterns where the data are richer provides a conservative assessment of the analyses that would conclude comparable survival.
The key limitation in these analyses is the small sample size of the sunitinib trial. Although more mature data on OS were available for these analyses, the sample provided only 55 deaths. This limits the possibility of detecting significant differences, as well as of exploring and capturing time-varying effects between the arms. Analyses matched on a broad range of variables; however, some minor differences remained. For instance, the RADIANT-3 trial included patients with ECOG level 2, while A6181111 excluded these patients;
it is therefore impossible to balance out this difference. Given that this only represents 3% of patients in RADIANT-3, its impact is deemed to be minimal. Similarly, two patients in the sunitinib trial had no metastases, while all in RADIANT-3 had at least one. Given the very low count, this difference is also considered inconsequential.
The studies may have also differed in terms of other factors that were not available from the two trials, like the presence of syndrome and the presence of inherited genetic conditions. Tumor differentiation is another potential source of residual confounding; all patients in A6181111 had well-differentiated tumors based on the World Health Organization classification, of which 18% corresponded to the welldifferentiated definition used in RADIANT-3 (based on the American classification), and 82% would be considered moderately differentiated. The composition of the RADIANT-3 population was predominantly well differentiated (83%). Given the large discrepancy between studies, adjustment for this factor would lead to significant reductions in the effective sample size after matching. The PFS comparisons in our analyses should not be affected as these were anchored to the BSC arms; OS analyses are subject to 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  R  e  v  i  e  w  O  n  l  y residual confounding, however. We believe the impact may be limited since subgroup analyses in this trial [5] did not detect any differential effect in subgroups; furthermore, our assessment of residual confounding based on PFS in the BSC arms did not reveal any significant differences in outcomes after matching on other factors. Another limitation is the role of subsequent therapies in each arm that may have impacted overall survival (including chemotherapy, somatostatin analogues, peptide receptor radionuclide therapy, etc.). Matching included prior and concurrent use of somatostatins; however, subsequent treatment options may vary depending on patient-specific factors, but will also vary by region based on availability and reimbursement of each therapy option, but cannot be included in the matching to balance the comparison.
Sensitivity analyses were carried out to assess the robustness of results to assumptions. Anchor-based PFS analyses weighted the two arms of the A6181111 trial to the characteristics of the everolimus arm. We We also assessed whether the variables included in the matching affected the results; in particular, matching on a relatively large number of variables when the sample size of the index trial is relatively small was a potential concern as it may make the analyses susceptible to spurious results and limit generalizability. We repeated analyses matching only on variables previously used in the MAIC by The lack of an anchor for OS comparisons is another limitation of these analyses, as it forces breaking randomization when comparing across trials. This potentially leaves the comparisons susceptible to confounding due to variables that are not available for matching or differences in study design or execution that may have affected results. No specific issues that may cause such distortions were identified.
Furthermore, an assessment of potential residual confounding based on PFS compared across the two BSC + placebo arms after matching showed nearly identical outcomes. This suggests no evidence of residual 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In conclusion, based on the latest available clinical data from the A6181111 and RADIANT-3 trials, this MAIC showed similar PFS and OS between sunitinib and everolimus in patients with advanced panNETs.
Given the differing mechanism of action, patients should have access to both active agents during the course of their treatment, along with awareness of their respective toxicity profiles. There are relatively limited data on the use of and outcomes with these treatments outside of the regulatory setting; a few studies have examined their use and found both to be safe and effective in actual practice. [14] [15] [16] Future research is needed to understand the optimal sequencing of these therapies (with respect to each other and other treatment options) as well as identification of biomarkers of benefit (or lack of benefit) and emergence of resistance. Comparison derived without use of BSC arms.
Compares outcomes (Kaplan-Meier curves) between sunitinib and everolimus, after matching the sunitinib population to RADIANT-3.
Key Assumption
The common BSC arms are comparable between studies.
The effect of each treatment is constant across different subgroups (i.e., no effect modification).
All potential effect modifiers are included in matching.
Effect derived by matching to RADIANT-3 is applicable to the original sunitinib population.
All predictors and effect modifiers of outcomes are included in the matching.
Appropriateness for PFS Comparison
Appropriate, assuming no effect modifiers.
Appropriate, and accounts for possible effect modification.
Possible but susceptible to bias due to missing predictors or effect modifiers.
Appropriateness for OS Comparison
BSC arms not comparable due to possibly differential crossover patterns in the two trials.
Necessary, to avoid using BSC arms.
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• A matching-adjusted indirect comparison (MAIC) has been previously performed based on the RADIANT-3 trial and found comparable progression free survival (PFS) and overall survival (OS) with sunitinib and everolimus. More recent data cuts from these trials have become available, allowing an updated comparison of OS.
• Our MAIC was based on the A6181111 trial but otherwise followed a similar methodology to that applied in the previous analysis, matching on all commonly available baseline characteristics of the study populations (including a few that were not considered in the previous MAIC).
• PFS was analyzed with an anchored MAIC using the studies' common BSC arms as an anchor.
A6181111 and RADIANT-3 allowed crossover, so an unanchored comparison of OS was deemed more appropriate for this outcome since crossover may have affected OS differentially in the two trials.
• The analyses yielded hazard ratios for sunitinib vs. everolimus of 0.85(0.48-1.55) and 0.82 (0.53-1.27) for PFS and OS, respectively. Confidence intervals of both HRs include the null, indicating comparable outcomes after matching, consistent with findings from the previous MAIC.
• The main limitation of these analyses relates to the smaller size of the A6181111 trial, which after matching on baseline characteristics, leaves a smaller effective sample size and wider confidence intervals from comparative analyses.
• Another limitation on the risk of residual confounding due to factors that were not available for matching, although sensitivity analyses did not yield evidence to suggest this was likely.
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